Purpose: The aim of this trial is to investigate the long-term efficacy and safety of the Roux-en-Y gastric bypass (RYGB) plus the best medical treatment (BMT) versus the BMT alone to improve microvascular outcomes in patients with T2DM with a body mass index (BMI) of 30-34.9 kg/m 2 .
Methods and analysis:
This study design includes a unicentric randomised unblinded controlled trial. 100 patients (BMI from 30 to 34.9 kg/m 2 ) will be randomly allocated to receive either RYGB plus BMT or BMT alone. The primary outcome is the change in the urine albumin-to-creatinine ratio (uACR) captured as the proportion of patients who achieved nephropathy remission (uACR<30 mg/g of albumin/mg of creatinine) in an isolated urine sample over 12, 24 and 60 months.
Ethics and dissemination:
The study was approved by the local Institutional Review Board. This study represents the first RCT comparing RYGB plus BMT versus BMT alone for patients with T2DM with a BMI below 35 kg/m 2 .
Trial registration number: NCT01821508;
Pre-results.
INTRODUCTION
Type 2 diabetes mellitus (T2DM) is one of the leading causes of morbidity and mortality worldwide. Six randomised controlled trials (RCTs) have shown that short-term and long-term glycaemic control after metabolic surgery is superior to the best medical care without surgery. [1] [2] [3] [4] [5] [6] [7] Metabolic surgery additionally improves dyslipidaemia, inflammation and blood pressure. [8] [9] [10] Mortality was also reduced after surgery, especially in those patients with T2DM, [11] [12] [13] [14] [15] although baseline body mass index (BMI) did not predict benefit; rather, non-anthropometric parameters such as fasting insulin did predict cardiovascular events and mortality. [16] [17] [18] [19] [20] [21] The risk of developing microvascular complications depends on both the duration and severity of hyperglycaemia and the other components of metabolic syndrome, 22 and for any treatment modality to be successful,
Strengths and limitations of this study
▪ This is a randomised controlled trial designed to compare the effects of Roux-en-Y gastric bypass (RYGB) plus best medical treatment (BMT) and BMT alone on patients with type 2 diabetes mellitus (T2DM) with microvascular complications and with body mass index (BMI) from 30 to 35 kg/m 2 , the most prevalent BMI range of T2DM. ▪ The long-term follow-up will allow to assess the durability of the metabolic effect after RYGB, an issue never tested in this BMI population. ▪ The study was designed to be performed using optimised methodological resources in order to prevent systematic bias. ▪ The study cannot be blinded as one of the interventions is RYGB. ▪ The level of physical activity was not measured in a systematic manner in study participants.
more than glycaemia needs to be addressed. 23 24 The subgroup of patients with diabetes and chronic kidney disease (CKD), regardless of their BMI, as manifested by albuminuria, impaired glomerular filtration rate or both have the highest mortality, while it also is the leading cause for renal replacement therapy. 25 26 Those without CKD have a much lower risk of morbidity and mortality. In spite of the importance to avoid or treat microvascular T2DM complications, the vast majority of metabolic surgery studies have focused on glycaemic control, while insufficient attention has been directed to complications of T2DM. [27] [28] [29] [30] The main legacy of this study is to provide data supporting that metabolic surgery associated with the best medical treatment (BMT) might be superior to the BMT alone to treat microvascular complications in the BMI range where T2DM is more prevalent.
Objectives
The aim of this trial is to investigate the long-term efficacy and safety of the Roux-en-Y gastric bypass (RYGB) plus the BMT versus the BMT alone to improve microvascular outcomes in patients with T2DM with a BMI of 30-34.9 kg/m 2 .
Trial design Microvascular Outcomes after Metabolic Surgery (MOMS) is a randomised, two-arm (with allocation ratio 1:1), controlled, single-centre phase III clinical trial (figure 1). The primary end point is the change in the urine albumin:creatinine ratio (uACR) captured as the proportion of patients who achieved nephropathy remission (uACR<30 mg/g of albumin/mg of creatinine) in an isolated urine sample (morning) over 12, 24 and 60 months. Patient recruitment occurred from April 2013 to March 2016. All surgical procedures were completed by April 2016. The trial was prospectively registered in ClinicalTrials.gov (NCT01821508). Intermediate ( preliminary) analyses will also be performed at prespecified follow-up periods of 12 and 24 months. The last patient final visit is scheduled for April 2021 (60 months' follow-up).
The study centre developed some strategies to guarantee the quality and completeness of data and procedures (use of checklists and workflow). An independent professional will enter study acquired information on a webbased data entry system (Medscale). This method was parameterised to generate automatic queries and to maximise the collection of consistent and valid data. A monitor (dedicated and designed specifically for this protocol) will audit the overall quality and completeness of the data entered on the electronic case report form (eCRF), examine source documents, compliance of all study team with Good Clinical Practice, the integrity of the regulatory binder and communication with the Institutional Review Board (IRB).
METHODS

Study setting
The study is conducted in a diabetes and obesity care centre affiliated with a 400-bed private tertiary care hospital in São Paulo, Brazil. 
Interventions
After randomisation, patients were allocated in a 1:1 ratio to RYGB plus BMT or BMT only (figure 2).
Best medical treatment 'BMT' is defined as the use of current best clinical treatment available (table 1). T2DM medication titration was and will be performed by the investigators and will be based on home-checked glycaemia and blood test results ordered during follow-up visits.
RYGB plus BMT
Patients allocated to RYGB will receive a similar BMT compared with the control group. All operations were completed by a single experienced surgeon and the last procedure was performed in early April 2016. On the day before the procedure, patients received a liquid diet, continued their medication, except if otherwise suggested by the attending investigator. Patients were admitted to the hospital 12 hours before the operation and started fasting 8-10 hours before surgery. After admission, patients underwent a preanaesthetic visit.
Laparoscopic RYGB was performed under general anaesthesia and consisted of the creation of the gastric pouch (20-30 mL), a biliary limb of 80 cm and alimentary limb of 150 cm, with a side-to-side jejunojejunostomy and a linear stapler gastrojejunostomy (figure 3). Concomitant cholecystectomy was performed in patients with preoperative cholelithiasis. Deep vein thrombosis prophylaxis included compression stockings and intermittent pneumatic compressors. Cefazolin 2 g was administered during anaesthesia induction and 8 hours after the end of the operation. The surgical arm received and will keep receiving during follow-up the same amount of nutritional counselling and included information on food consistency and progression to solids. All medications are managed by the endocrinology team. First, insulin will be titrated and may be withdrawn, followed by liraglutide, linagliptin and empagliflozin. Metformin will be maintained throughout the trial. The parameters of full medication withdrawal in the RYGB+BMT are fasting glucose below 100 mg/dL and glycated haemoglobin (HbA1c) <6.0%. ACE inhibitor and angiotensin II receptor blockers are continued in all groups, even in patients with negative albuminuria. Simvastatin is also prescribed and maintained.
Drug titration
Drugs with a beneficial effect on microvascular and macrovascular will be continued even if uACRs normalise. Antidiabetic medications, including insulin, may have their dose reduced to avoid hypoglycaemia. Metformin will be continued in all cases, but the doses may be reduced if HbA1c was below 5.7% and fasting plasma glucose (FPG) below 100 mg/dL. On the basis of our previous experience in metabolic surgery in patients with T2DM who have BMI<35 kg/m 2 (30) after 8-10 years of follow-up, we can associate less T2DM recurrence when metformin is not discontinued (unpublished data). The insulin sensitiser drug may have its dose decreased when HbA1c is lower than 5.7% and even discontinued if hypoglycaemia is detected.
Concomitant care: nutritional evaluation and physical activity As part of a multidisciplinary team approach, all patients will be advised by a dietitian to reduce food intake and to increase physical activity. Patients also completed 24 hours daily dietary intake.
Concomitant care: management of other comorbidities All other conditions such as hypertension and hyperlipidaemia are evaluated and treated according to standard recommendations and guidelines. Compliance is also registered during follow-up visits.
Outcomes
Primary outcome
The main outcome is the change in the uACR (intention-to-treat (ITT) analysis) captured as the proportion of patients who achieved nephropathy remission (uACR<30 mg/g of albumin/mg of creatinine) in an isolated urine sample (morning) over 12, 24 and 60 months.
Secondary outcomes
The secondary outcomes are changes in diabetic retinopathy, changes in diabetic neuropathy, use of antidiabetic medication, glycaemic control (defined as FPG<100 mg/dL and HbA1c <6.0% with or without medication), blood pressure control (defined as systolic blood pressure <130 mm Hg and diastolic <80 mm Hg), lipid control (defined as low-density lipoprotein <100 and <70 mg/dL in patients with previous cardiovascular events; high-density lipoprotein >50 mg/dL and triglycerides <150 mg/dL, hepatic fibrosis assessed through intraoperative liver biopsy and control evaluated by postoperative liver elastography, fatal and non-fatal cardiovascular events, quality of life (36-item Short Form Health Survey, SF-36) and diabetic urinary bladder dysfunction (assessed through a questionnaire).
Participant timeline Screening visit
The screening visit was performed by one of the medical investigators with the help of a research nurse. Information about the study design, procedures, follow-up visits and all risks involved in both arms of the trial was explained. Then a checklist containing the inclusion and exclusion criteria was completed. All patients provided written informed consent previously to all study procedures. Those patients not using optimal drugs for glycaemic control, blood pressure or dyslipidaemia were started on the appropriate medication. All eligible patients had coloured retinography, angiofluoresceinography and eye refraction examinations. Baseline blood and imaging tests (echocardiogram, X-ray, abdominal ultrasound and ECG) were ordered.
Randomisation visit
A comprehensive clinical evaluation was undertaken to confirm eligibility 4-6 weeks after screening. After eligibility confirmation, patients received an identification number that was used in all documentation. During this visit, an assessment to evaluate neuropathy was performed through vibratory and pinprick sensation tests.
Patients randomised to the RYGB+BMT arm were further assessed with upper digestive endoscopy and elastography ultrasound. Two weeks after the randomisation visit, all the tests were reviewed to ensure that all patients were eligible to proceed. Both groups were seen by a dietitian who also took anthropometric measurements. The dietitian reinforced the benefits of intense lifestyle modifications.
Follow-up
Patients in the RYGB+BMT arm were seen after 1 and 4 weeks from the index procedure by the medical investigators and the dietitian. All adverse events (AEs) were captured. Changes were made to diet, physical activity and medications as appropriate to optimise T2DM control. After the first month, patients from both arms had and will have their follow-up consultations at the same intervals. A physical examination will be performed on all visits and samples will be collected until the end of the study (table 2) .
Sample size
The study was designed to show a difference in the proportion of participants achieving a healthy uACR (remission) at the time point of 60 months ( primary end point defined a binary outcome). The proportion of patients expected to achieve remission was sourced from previous publications, 30 31 empirical data from a surgeon (RVC) with extensive experience in bariatric surgery as well as a consensus and expert opinion of a panel of seven specialists in obesity/diabetes (RC, ClR, PPdPC, TBZP, JLLC, CAS, FNQP).
Remission was estimated to occur in 50% of participants in the RYGB+BMT arm and 10% of participants in the BMT-only arm. To accommodate two prespecified ( preliminary) analyses at follow-up times of 12 and 24 months, the significance level was set at the 1.7% α level for the primary outcome (Bonferroni adjustment). Thus, to detect the expected difference in the proportion of participants achieving remission and anticipating a potential 5-year 20% loss of follow-up rate, a sample size of 100 patients (50 participants in each group) will give a ≥90% statistical power at an α level of 1.7%.
Recruitment strategy
Advertisements Recruitment started in April 2013. Initially, candidates were referred from several private and public healthcare providers from the city of Sao Paulo, Brazil. Then a press release with an overview of the trial, goals and eligibility criteria was published in a major Brazilian 
newspaper and disseminated through major online news websites. Finally, several posts were published in social media applications.
After reaching a dedicated trial 'hotsite', the candidates completed an online form with general information on their BMI, time of diagnosis of T2DM and history of microvascular complications. The information was sent to a dedicated hospital's email address. Eligible candidates were invited to a screening visit at the Oswaldo Cruz German Hospital Health Research Unit where written informed consent was obtained.
Assignment of interventions
Sequence generation Randomisation was carried out by an independent investigator not involved in patient enrolment, treatment or follow-up (central randomisation). Computer-generated random numbers (Stata V.14.0, StataCorp, College Station, Texas, USA) were used to assign randomly, in a 1:1 ratio, patients either to RYGB+BMT or BMT only using a permuted stratified block randomisation procedure with random block sizes of 2, 4 and 6. Randomisation was stratified by gender and block sizes were kept confidential to avoid prediction of future patients' allocation.
Concealment mechanism
Randomisation codes were released only after patients had been formally recruited into the trial. The randomisation sequence was prepared in advance by the study biostatistician and was concealed from all research investigators at all times. Participants, staff members and researchers could not foresee assignment because of central allocation. All patients who gave consent for participation were pseudoanonymised ( personal information was removed and replaced with a coded identifier), and this list was supplied to the central allocation, which randomly allocated patients into the BMT+RYGB arm or BMT-only arm.
Blinding
Blinding was not possible because of the nature of the intervention. However, investigators in charge of the statistical analysis and laboratory personnel will be blinded to the allocation status of each participant in the trial.
Data management
Several procedures are performed to assure data quality, including missing data, permitted/non-permitted value ranges and logic checks. To get high-quality data and keep the number of errors and missing data as little as possible, several checklists and standard operational procedures were created and adopted to ensure that data were complete and reliable. The training and consistency of process were straightforward since this is a single-centre study. The study team was trained before the beginning of the study and received an individual delegation from the principal investigator, according to his professional expertise. Each participant received a numerical code to ensure his confidentiality and tracking. Source documents ( paper) and original study forms have been kept at the site (in a secure and accessible place). Storage follows the numerical code while the access is limited to the study team. A case report form was designed, and an eCRF was created (Medscale). The site study team is responsible for eCRF entry data. Each study staff member received training and a login/password to access eCRF, and the type of activity that may be undertaken is regulated by the privileges associated with each login. The Medscale eCRF system was parametrised to perform data validation and discrepancy management.
A dedicated monitor (dedicated and designed specifically for this protocol) is responsible for source data verification and the creation of queries and/or data clarification forms for all participants' source documents. Quality assurance and control will be assured by this dedicated monitor, and a statistician will be responsible for final data validation and database analysis throughout the duration of the study.
Retention
We anticipated a 15-20% 5-year loss to follow-up rate and planned our sample size accordingly. However, after randomisation, trial coordinators will make every doable effort to follow participants for the entire trial period. Strategies involving actual contact ( phone calls, emails and standard mail) will be developed and implemented to achieve the highest possible level of follow-up.
Participant withdrawals
Individuals who decide to withdraw from the trial will be asked to provide continued monitoring and further data collection after their withdrawal. Participants who were lost to follow-up despite several attempts to reach them will have their data imputed.
Statistical methods
All analyses will be based on the ITT principle. An overview of methods of analysis is presented in table 3. We will compare the proportion of participants achieving the primary outcome between RYGB+BMT versus BMT groups using an unconditional logistic regression model. We will also investigate both the occurrence and timing of albumin:creatinine ratio normalisation throughout the 5-year follow-up period by using a Cox proportional hazards model. The proportional hazards assumption will be confirmed by testing the interaction with log (time) as well as graphically via plots of Schoenfeld residuals. Both in the logistic and Cox proportional hazard models, we will include as covariates baseline albumin: creatinine ratio, BMI, age, diabetes medication use, glucose and HbA1c levels as well as the duration of T2DM. Continuous outcomes will be analysed by mixed-effects generalised linear models adjusting for the baseline version of the response variable. Missing data will be handled using multiple imputation methods assuming that data are missing at random. Demographic and clinical characteristics of participants will be compared between groups (RYGB+BMT vs BMT) using the unpaired Student's t-test for continuous variables, whereas dichotomous variables will be tested using Fisher's exact test and its generalisations for 2xk tables (when necessary). Data will be expressed as mean±SD, median (IQR) or counts ( percentage) when appropriate. Whenever feasible, variables with asymmetric distributions will be transformed using standard mathematical functions (eg, logarithm, square root, etc). Statistical significance will be set at the 1.7% level (two-sided) for the primary outcome and 5% for secondary outcomes. Main conclusions will be based on the ITT principle and on the logistic regression model. All data analyses will be performed using the Stata package (V.13.0, Stata Corp, College Station, Texas, USA).
Additional analyses
Primary analyses will be carried out on an ITT basis, but subsequent studies may be conducted on a per protocol basis. Primary analyses will also be performed with multiple imputation methods. However, we will also provide results from analyses restricted to complete cases, for comparison with results from the multiple imputation processes.
Adjusted analysis
All statistical models will be run with appropriate adjustment for baseline characteristics.
Analysis population and missing data
In the case of missing data, we will perform and report the multiple imputation analysis according to the recommendations of White et al. 32 Missing data will be handled using multiple imputation methods assuming that data are missing at random. Specifically, we will use a combination of predictive mean matching and regression-based methods to impute missing data. A total of 100 data sets will be created to reduce sampling variability. A burn-in period of 500 iterations will be used. Imputation will be performed in Stata V.14.0 (StataCorp, College Station, Texas, USA).
Monitoring
Adverse events
AEs were defined as any untoward medical event or clinical investigation that a patient underwent even if it did not have a causal relation to the medical or surgical interventions. AEs were also defined as any unfavourable and unintended clinical manifestation or disease temporally associated with the surgical or medical treatment. Serious AEs (SAEs) are AEs that pose risk to life, result in hospital admission, increase hospital stays or may be debilitating or disabling. AEs and SAEs must be reported within 24 hours through detailed documentation and forwarded to the IRB. Follow-up of AEs/SAEs should be The proportion of remission is higher at 12, 24 and 60 months in the RYGB+BMT arm compared with the BMT-only arm.
Number of participants achieving remission Logistic regression (primary analysis) and Cox proportional hazards model (exploratory analysis) Secondary outcome Glycaemic control Reduction is higher in the RYGB+BMT arm compared with the BMT-only arm.
Fast glucose in mg/dL Mixed-effects generalised linear models HbA1c
Reduction is higher in the RYGB+BMT arm compared to the BMT-only arm.
HbA1c levels (in %) Mixed-effects generalised linear models Blood pressure control
The proportion of patients with blood pressure control is higher in the RYGB +BMT arm compared with the BMT-only arm.
Number of participants achieving systolic blood pressure <130 mm Hg and diastolic <80 mm Hg
Mixed-effects generalised linear models
Lipid control
The proportion of patients with lipid control is higher in the RYGB+BMT arm compared with the BMT-only arm.
Number of participants with LDL<100 or <70 mg/dL in patients with previous cardiovascular events; HDL>50 mg/dL and triglycerides <150 mg/dL 
Ethics and dissemination
Research ethics approval Protocol, ICF and recruitment materials were reviewed and approved by our local IRB. The initial approval was received on 25 February 2013 and since then they have been notified of the progress of the study on a regular basis.
Protocol amendments
All changes needed after the initial IRB approval will be submitted to the IRB for approval. Amendment to the clinical protocol ought to be implemented after a formal IRB approval and an updated informed consent signed by the patients and the investigators. Protocols amendments/ICF changes were submitted to the IRB and approved before implementation. The history of changes is available and can be tracked by version and date changes.
Consent
Patients identified as possible participants received general information about the study from an investigator (medical doctor). Then they received the ICF and were given an opportunity to read and discuss with their relatives/friends. Then a formal discussion was performed between the investigator and the patient. During this process, the patient had the opportunity to ask questions and clarify all doubts. At the end, the patient who expressed willingness to make part of the study signed the ICF (as well as the investigator) and then became a study participant. Assent form and ancillary studies consent were not necessary for this study.
Confidentiality
All medical information derived from the study is confidential, and no third party disclosure was allowed. Source data/information will be handled by the designated personnel, and the information will be stored in password-protected computers and in coded patient notes to protect confidentiality.
Declaration of interests
The lead author (RVC) has received an honorarium as a member of the Speaker's panel of Johnson & Johnson.
Study sponsorship and access to data Data will be available for authorised investigators only. Third parties may have access to data with express written permission from the lead investigator (RVC). However, sponsors will not participate in data analysis nor will have access to data (either in full or in part).
Ancillary and post-trial care
The Oswaldo Cruz German Hospital has an insurance policy (specific for the MOMS protocol) to cover nonnegligent harm associated with the protocol, which covers additional healthcare, compensation or damages whether awarded voluntarily by the MOMS study or by claims pursued through the courts.
Dissemination policy
After the publication of the trial protocol, the investigators plan to publish all the listed end points, as this RCT is the first trial on BMT combined with metabolic surgery versus the best medical care without surgery for patients with T2DM with a BMI below 35 kg/m 2 . The results of this trial will be published in peer-reviewed scientific journals and presented at major conferences, regardless of the magnitude or direction of the observed effect.
Trial organisation and management
The study investigators were responsible for completing all pertinent information using the clinical report forms, the accuracy of data and maintaining the confidentiality of patients' data. Only the investigators had access to the final data set. All documentation will be kept readily available for 5 years after the study termination in case it had to be monitored, audited or inspected by the sponsor or regulatory authorities.
